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A programmable oscillator is a fre-
quency synthesizer with an output phase
that tracks an arbitrary function. An off-
set, phase-locked loop circuit is used in
combination with an error control feed-
back loop to precisely control the output
phase of the oscillator. 

To down-convert the received signal,
several stages of mixing may be em-
ployed with the compensation for the
time-base distortion of the carrier occur-

ring at any one of those stages. In the
Goldstone Solar System Radar (GSSR),
the compensation occurs in the mixing
from an intermediate frequency (IF),
whose value is dependent on the station
and band, to a common IF used in the
final stage of down-conversion to base-
band. The programmable oscillator
(PO) is used in the final stage of down-
conversion to generate the IF, along with
a time-varying phase component that

matches the time-base distortion of the
carrier, thus removing it from the final
down-converted signal. 

This work was done by Kevin J. Quirk,
Ferze D. Patawaran, Danh H. Nguyen, and
Clement G. Lee of Caltech and Huy Nguyen
for NASA’s Jet Propulsion Laboratory. Further
information is contained in a TSP (see page
1). NPO-47657 
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Cables are very important electrical
devices that carry power and signals
across multiple instruments. Any fault in
a cable can easily result in a catastrophic
outcome. Therefore, verifying that all ca-
bles are built to spec is a very important
part of Electrical Integration Procedures.
Currently, there are two methods used in
lab for verifying cable connectivity. (1)
Using a Break-Out Box and an ohmme-
ter — this method is time-consuming but
effective for custom cables — and (2)
Commercial Automated Cable Tester
Boxes — this method is fast, but to test
custom cables often requires pre-pro-
grammed configuration files, and cables
used on spacecraft are often uniquely de-
signed for specific purposes. 

The idea is to develop a semi-auto-
matic continuity tester that reduces

human effort in cable testing, speeds up
the electrical integration process, and
ensures system safety.

The JPL-Cable Tester Box is devel-
oped to check every single possible elec-
trical connection in a cable in parallel.
This system indicates connectivity
through LED (light emitting diode) cir-
cuits. Users can choose to test any
pin/shell (test node) with a single push
of a button, and any other nodes that are
shorted to the test node, even if they are
in the same connector, will light up with
the test node.   

The JPL-Cable Tester Boxes offers the
following advantages:
1. Easy to use: The architecture is sim-

ple enough that it only takes 5 min-
utes for anyone to learn how operate
the Cable Tester Box. No pre-pro-

gramming and calibration are re-
quired, since this box only checks
continuity.

2. Fast: The cable tester box checks all
the possible electrical connections in
parallel at a push of a button. If a
cable normally takes half an hour to
test, using the Cable Tester Box will
improve the speed to as little as 60 sec-
onds to complete.

3. Versatile: Multiple cable tester boxes
can be used together. As long as all
the boxes share the same electrical
potential, any number of connectors
can be tested together. 
This work was done by Jason H. Lee of

Caltech for NASA’s Jet Propulsion Labora-
tory. For more information, contact iaof-
fice@jpl.nasa.gov. NPO-46800 
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Commercial digital signal processors
(DSPs) for use in high-speed satellite
computers are challenged by the dam-
aging effects of space radiation, mainly
single event upsets (SEUs) and single
event functional interrupts (SEFIs).
Inno vations have been developed for
mitigating the effects of SEUs and
SEFIs, enabling the use of very-high-
speed commercial DSPs with improved
SEU tolerances. Time-triple modular re-
dundancy (TTMR) is a method of apply-
ing traditional triple modular redun-

dancy on a single processor, exploiting
the VLIW (very long instruction word)
class of parallel processors. TTMR im-
proves SEU rates substantially. SEFIs are
solved by a SEFI-hardened core circuit,
external to the microprocessor. It moni-
tors the “health” of the processor, and if
a SEFI occurs, forces the processor to
return to performance through a series
of escalating events. 

TTMR and hardened-core solutions
were developed for both DSPs and re-
configurable field-programmable gate

arrays (FPGAs). This includes advance-
ment of TTMR algorithms for DSPs and
reconfigurable FPGAs, plus a rad-hard,
hardened-core integrated circuit that
services both the DSP and FPGA. Addi-
tionally, a combined DSP and FPGA
board architecture was fully developed
into a rad-hard engineering product.
This technology enables use of commer-
cial off-the-shelf (COTS) DSPs in com-
puters for satellite and other space appli-
cations, allowing rapid deployment at a
much lower cost. 

Fault-Tolerant, Radiation-Hard DSP
This technology can be applied to commercial communications and GPS satellites.
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Low-current, high-impedance mi-
croelectronic devices can be affected
by electric current shot noise more
than they are affected by Nyquist
noise, even at room temperature. An
approach to implementing a sub-shot
noise current source for powering
such devices is based on direct conver-
sion of amplitude-squeezed light to
photocurrent. 

The phenomenon of optical squeez-
ing allows for the optical measurements
below the fundamental shot noise limit,
which would be impossible in the do-
main of classical optics. This becomes
possible by affecting the statistical prop-
erties of photons in an optical mode,
which can be considered as a case of in-
formation encoding. Once encoded,
the information describing the photon
(or any other elementary excitations)
statistics can be also transmitted. In fact,
it is such information transduction from

optics to an electronics circuit, via pho-
toelectric effect, that has allowed the ob-
servation of the optical squeezing. It is
very difficult, if not technically impossi-
ble, to directly measure the statistical
distribution of optical photons except at
extremely low light level. The photo-
electric current, on the other hand, can
be easily analyzed using RF spectrum
analyzers. Once it was observed that the
photocurrent noise generated by a
tested light source in question is below
the shot noise limit (e.g. produced by a
coherent light beam), it was concluded
that the light source in question possess
the property of amplitude squeezing. 

The main novelty of this technology is
to turn this well-known information
transduction approach around. Instead
of studying the statistical property of an
optical mode by measuring the photo-
electron statistics, an amplitude-
squeezed light source and a high-effi-

ciency linear photodiode are used to
generate photocurrent with sub-Poisson-
ian electron statistics. 

By powering microelectronic devices
with this current source, their perform-
ance can be improved, especially their
noise parameters. Therefore, a room-
temperature sub-shot noise current
source can be built that will be beneficial
for a very broad range of low-power, low-
noise electronic instruments and appli-
cations, both cryogenic and room-tem-
perature. Taking advantage of recent
demonstrations of the squeezed light
sources based on optical micro-disks,
this sub-shot noise current source can be
made compatible with the size/power
requirements specific of the electronic
devices it will support. 

This work was done by Dmitry V. Strekalov, Nan
Yu, and Kamjou Mansour of Caltech for NASA’s
Jet Propulsion Laboratory. Further information is
contained in a TSP (see page 1). NPO-47949 

Sub-Shot Noise Power Source for Microelectronics 
Potential applications include microelectronics, sensors, and time/frequency standards. 
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Traditional rad-hard space computers
are very expensive and typically have
long lead times. These computers are ei-
ther based on traditional rad-hard
processors, which have extremely low
computational performance, or triple
modular redundant (TMR) FPGA ar-
rays, which suffer from power and com-
plexity issues. Even more frustrating is
that the TMR arrays of FPGAs require a
fixed, external rad-hard voting element,
thereby causing them to lose much of
their reconfiguration capability and in
some cases significant speed reduction. 

The benefits of COTS high-perform-
ance signal processing include signifi-
cant increase in onboard science data
processing, enabling orders of magni-
tude reduction in required communi-
cation bandwidth for science data re-
turn, orders of magnitude improve
ment in onboard mission planning and
critical decision making, and the ability
to rapidly respond to changing mission
environments, thus enabling oppor-
tunistic science and orders of magni-
tude reduction in the cost of mission
operations through reduction of re-

quired staff. Additional benefits of
COTS-based, high-performance signal
pro cess ing include the ability to lever-
age considerable commercial and aca-
demic investments in advanced com-
puting tools, techniques, and infra
structure, and the familiarity of the sci-
ence and IT community with these
computing environments.

This work was done by David Czajkowski
of Space Micro, Inc. for Goddard Space Flight
Center. Further information is contained in a
TSP (see page 1). GSC-16078-1


